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1though it will eclearly be a goal of the exploration of Mars to soft

land instrument payloads on the surface, there is a very real question as to
whether this should be the goal of the first probe to enter the atmosphere.
The reason is that our best information on the properties of the Mars atmos-
phere Indicates that the atmospheric densities are s¢ low that the protlem of
slowlng the vehicle to a survivable landing speed is a formidable cone, sand
berides requiring extremely low vehicle demsities, c¢xlls for the seguential
uge of large parachutes, impact stteruation devices, -nd perhaps retrorockets.
Studies have shown that the payload fractions under these conditions are very
smaull , from cne to five percent of entry vehicle weight, to correspond to the
least dense atmospheres now considered possible. Furthermore, the prohability
of success of the mission is unfavorsbly affected by the requirements for open-
ing large parschutes or clusters of parachutes at nigh {perhaps zupersonic)
speceds, timing the firing of refrorockets, and selecting and controliing the
impulse necessary to reduce touchdown speed to ithe required level, ete,

These considerations have indicated to the authore that the first goal of
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of the Mars stmosphere. While this will not recesgsarily remove the difficulty
of' the soft landing problem, it will at least present it in more definite terms.
Joncelivably, the properties of the atmosphere will be found %o be aprreciably

different from those presently postulated. which are based cn the most tepnuous

of data. Méé gé l]7
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Recornition i1s also required of the important goal of the biolozistgon
| ars, the search for extraterrestrial life. This reguires that the probing
|
o' the atmosphere, which we hold to be not only beneficial but nececzzary to
the later biologicel exploration, be done under sterile conditions which will

. not contaminste the planet with Earth 1ife formg. This possibility is pro-
moted by the use of smell and simpie stmospneric probing vericles which can

| be sterilized by exposing them to the proper thermal cycie us whole units

| sealed in their sterilization envelopes.

“esides the benefits to the later physical and biological exploration of
Mars, first unmanned and later manned, the measurement of the structure and
composition of the Mars atmosphere holds much interest in 1ts own rignt as a
sclentific experiment. It will be of interest to ylanetologists as a cluae to
the nature not only of Mars, but by its relastion to Barth and the other plan-
ets, as a piece of information relating to the solar system and its originms.
A technique for measuring the properiies of the atmospheres of the

pianets which is discussed and snalyred in reference 1 {s the observation of
the response of an entry vehicle to the atmospvhere. This response can be
sensed in many forms, in the deceleration, pitching oscillation, heating, and

. radistion exposure, tc name a few, and the response can be snaly:zed te define
the properties of the atmosphere encountered. 7The a?plicapion of such & meag-
urement technigue to ovtaining the properties of the Mars atmosphere has been
studied at Ames Research Center continuously since the publication of refer-
ence 1, with the purpose of zelecting the most promising experiments and deter-
mining the asccuracy with which they could be made to vield the atmospheric

properties. This article will describe some of the findings.
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The primary objective of the Mars atmospheric probe should be to define
the profile of atmospheric demsity as a function of altitude, so as to guide
the design of payload-lending vehlicles to follow and also to provide a fimm
base for long range studies of manned entry systems, which decelerate on
shallow entry paths at high altitudes. Integration of tne density profile,
once obtained, also permits the definition of static pressure profile, and
the RT product profile, as noted in reference 1. Measurements of atmospheric
temperature are also to be dezired. This set of properties comprise what we
shall call the atmospheric structure.

Other interest is uattached to the atmospheric compositicn, which, while
it is less critical than the atmospheric structure, can affect aerodynamicg
of some entry vehicle configurations {ref. 2) and the heating, particularly
the radiative heating {ref. ). Perhaps the greatest interest in composition
however is the basic scientific interest, the desire to know more about the
planet and its conditions. This pertains to both the physical sclence of the
planet, and the possibilitieg for life, where the presence of certain chemical
species in the atmosphere, such as water and simple organic compounds, can
have determining influence on the origins and maintenance of life forms.

Atmospheric Structure Experiments.- The response of an entry vehicle to

variations in the atmosphere it encounters is jllustrated in figure 1. Large
and clear differences in trajectory srise when either the scale height or the
surface density is changed. The surface denslity determines the vertical posi-
tion of the curve, and the scale height, its slope. C(learly, the measurement
of the trajectory variables shown would provide an absolute distinction between

the stmospheres used for exemples in this illustration.



Rather than to analyze the data in terms of scale height, however, it is
more direct and advantageous to determine the atmospheric density at a point
on the trajectory from the measured instantaneous deceleration of the vehicle.

from the classical defining equation of drag coefficient and Mewton's second,

iaw of motion, we may write, as in reference 1
p = P — (1)

where &, is the acceleration alomg the flight path. Given the value of
m/CDA and V, the local density is determined, to the same percent accuracy as
thet with which the acceleration is measured. The velocity is known at entry
from deep space tracking of the spacecraft in interplanetary flight. After
entry, the velocity can be tracked by integrating the readings of the accel-

erometer,

t
vev.+/ aat, 2)
Eu'o S

and the mltitude can be obtained by integrating the vertical compenent of
veloecity,

*timpact
h =j {V sin 6)dt (2}

t
Error in the velocity, as given by equation (2), introduces errors into the
density and altitude. These errors have been analyzed on the assumption that
a8 blas error of a given fraction of the full scale range exists in the accel-
erometer. Elas errors are emphasized because they are more instrumental in
causing error in the density and altitude than are random errors of the same
magnitude. The latter tend to be averaged or cancelled out in the data

smoothing.




Errors in the density resulting from various assumed bias errors in the
accelerometer are shown as a function of velocity in Tigure 2. The error
becomes small when the accelerometer bias is of the order of 0.1 percent of
full scale--e.g., with 200 g full scale, errors of 0.2 g. Yote that the
density 1is then measured accurate within 2 percent down %o sbout half the

entry velocity, and within 9 percent down to 0.0 V It is of interest that

B
accelerometers meeting and exceeding this accuracy specification are commer-
cially available from a number of menufacturers.

The larger errors which occur at the terminal part of the descent,
below 0.2 V?, are due to poor determination of the velocity when the velocity
is small.* At small velocities however, particularly below sonic speed, it
becomes possible to directly measure the ambient pressure and temperature.
The remeining unknown for defining the low altitude density, the gag constant,
depends on the molecular weight which may slso be known with reasonsble accu-
racy from the independent experiments on atmospheric composition. From these
dsta, it 1s believed that the errors in the iow altitude densities need be
no larger than 15 percent, being introduced jointly by angle of attack effects,
instrument errors, and remaining uncertainty in the molecular weight., It is
noteworthy that the upper atmoagpheric density can be defined with b?tter 8CCU~-

racy by the accelerometer measurements than the lower atmosphere density can

by direct measurement of Y‘emperature and pressure.

*one way of avoiding the errors associated with low velocities 1s to design
the vehicle to impact the surface at a veloclty ratio of £.2 or greater, As is
well known, this is merely a question of selecting the appropriate vaiue of m/CDA.
However, since in our concept all data should, for maximum reliability and sim-
piicity, be communicated between the end of communication blsckout and prior to
impact, this alternative cuts Iinto the communication time available and therefore
into the guantity of data which can be transmitted, and does not ceem advissable.
This will be discussed further under vehicle design consideraticns.
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Sutsonic measurements of pitot and static pres:zures can be used xlso to
give the terminal velccity, as In a conventional air speed indicator. This
more accurste terminsl veloclty can be used 35 uan anchor point for the messure-
ments of velocity with the acceleronmeter.

Errors in sltitule are, in 1 sepse, equivalent to errors in density, and
can be the controlling factor in the overall leseription of density as a fune-
tion of altitude,i The improved zccuracy of the terminal velocity as deter-
mined from pitet and static pressure measurements is therefore ecsential %o the
accurate determinstion of altitude. Errorg in the eatry sngle also affect the
aceuracy of the altitude, but studies of the suidance end tracking capabilities
of existing syctems for interplanetary vehicles, as well ac the sepuration
maneuver required, for example, in perturbing the trajectory onto a planetary
impact course from 2 bus vehicle, indicate that the entry angle can be known

entry
and contreolled with a few degrees. When the numinal/angle is 900, errors in

altitude from this source may be smaller than 1 percent. ‘

As a test of the overall definition of stmospheric denzity structure that
might be achieved, unalysis has been msde including zil of the above factors.
mrrors were introduced consisting of the T.1 percent full zesle acceleraticn
tiias, mentioned =ove, atmospheric temperature errors of QODF, static pressure
errors of 2.4 millibar, and entry angle error of bo. The den;ity profiles
calculated are represented by the symbols in figure 3 and are compared with
the "exact" atmospheres postulated. The definition iz excellent from ground

level to the altitudes where the vehicle is first able tc cense the atmoaphere,

=
which cccurs at density leveis of 10 2 of Earth sea level density.
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Atmospheric Compocition Experiments.- In-flight determination of the

astmospheric composition would at first seem very difficult to ecccomplish.
The time available for measurement ard transmission is short, in general
less than a minute, The contamination of any samples taken on board for
analysis 1s difficult to aveld because of the vapor emission from the abla-
ting heat shield, both during the period of intensive heating and afterwurds,
since the hot shield would be expected to outgas for a period arter hesting.
However, as polnteda out in reference 1, there is a naturally-occuring phe-
homenon of entry which can provide aralytical data and which lends itself to
very quick response, in the millisecond range if need be. This 1is the radi-
ative emissicn from the gases in the shock layer. 1t i fundamental to gus-
eous radiation that its spectrum consists of bands, lines, and continua whirch
are characteristic of the gases involved. Measurement of the intensities of
selected bands as functions of velocity and free stream density during entry
~an therefore provide data on the presence or zbtsence of selerted constituent
zases,

in this experiment also, one must be concerned with contaminating effects
of the heat shield vapors, which can emit light when heated 1o the boundary
layer ‘ref. L}, However, detailed study of both the effects of .zhield mate-
rial and the band wavelengths of greatest interest for the atmospheric analysis
has indicated that, by selection of materials and wavelengths, the experiment

can be conducted on essgentially a no-interference basiz,

“he primary candidate experiment of this ind for the ars atmospheric
measurement of the

[P . . . { . . .
probe is Ehﬁ/@rannce of nitrog n tus yot ondy wvoosuwmed Lo he o principnd cor-
kT e, et oAby Mupwees g bt esrres 1 25y R 5. ' WL . 1 5 ;
Stite nt o the Mars simosphere] gnd lls mels Traction, his can be oaooore

plliched by messuring the intensity bWictory of the prominert cyanogen violet
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band system. These bands are responeible for the very high levels of luminous
intensity now well known to be assoclated with nitrorsen and carbon diocxide
mixtures {refs. 2 and ¥}, Figure 4 shows & theoreticsl equilibrium spectrum
of a nitrogen, carbon dioxide mixture a8t a speed and ambient density teken
from one of the asgsumed trajectories of a pro-e entering “ars. Note that four
scale maximumns differing by orders of magnitude have been chosen in this pre-
sentation, and that the (N violet system is by far the most prominent radi-
ating svstem. These daia were computed by Victor Reis and Henry Woodward of

Ames Research Ternter. The inset oscilloscope trace shows as a function of

CK violet

wavelength the experimental intensity of one of t:e/side bands, with band head

at 4200 Angstroms. The agreement with theory is excellent in detail. This
remarkable oscillogram was obtalned by Ellis Whiting of ARU.
based on the data of reference 3,
The experimental variationgof the CR violet band intensity with mole
fraction of COz in nitrogen, carbon dioxide mixtures is shown in figure 5
and compared with the theoretical mole fraction of CN 1thehind %the shock wave.
The comparison is substantially 1/1. GCiven the free $tream conditions, then,
and a gaseous atmosphere consisting primarily of nitrogen and carbon dioxide,
the measurement of T violet intensity can be used to define the proportions
of He and COz, excepi for an ambiguity that arises because the curve is double
valued. Iowever, for any given pair of gas mixtures, this ambiguity occurs at
one veloeity only. Thus, figure 6 shows that 9 percent and 2% percent 0p
mixtures cannot be distinguished at 19,000 feet per second, btut at all other
Thue, from radiometric measurements of the intensity of the CN violet system
cpeeds, they can be./ as & functior of time during entrs, the presence of nitro-
gen can be determired, and its mcle fraction estarlished.
Additional radiometers sensing the 70 gamma bands, the C(» OSwan bands,

and t:e Né%l—) provide additional checks on the interpretation of the T

violet radiometer. Thus, if the readings of these insiruments are not consistent
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with those expected from TH- - Hp mixtures, it is'implied that other gaseous
constituents are present in important amounts. For example, the prescnce of
nitrogen oxides in tue atmosphere would eonbance the N0 system. Argon in-
creases the ghock layer temperature at a given speed, and shifls the peak
intensity of the CIi system to a lower velocity (ref. 4). The interpretation
of these readings would be assisted both before and after the flight experi-
ment ty use of laboratory experiments with bhalilistic ranres and shock tubes.
These facilities are currently being used to study non-equilibrium aspects of
the shock layer radiation for this kind of experiment.

The urcsence of trace amounts of water wvapor may lead to some measurable
response in the spectrum. IZince this is of preat Interest biologically, 1t is

receiving current laboratory attention at ARC.

Vehicle Design Considerations.- Jiven this set of experimenis 10 be per-

formed, what is the description of the vehicle best suited to carry them outt
To perform the shock layer spectroscopic experiment, the venicle must be blunt,
and must have the means for measuring angle of aitack. 7To communicate the daia
acquired during entry af'ter blackout and before impact, the vehicle must be of
low m/CDA, or equivalently, of low density. The effect of m/CDA on commuuii-
cation time is shown in fijure 7 for one of the lowest dersity atmospheres con-
sidered, one with 11 millitars surface pressure and a scale height of 0,200t .
Communicetion is assumed to begin when the velucity drops below 10,000 ft/sec.
To maintain communication time of 2C seconds or longer requires that m/CDA be
2
0.6 slug/ft or less., This has been selected as a nominal *arcet value for

m,CDA. With atmospheres of higher surface pressure, the communication time is

increased as shown.
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N
Dstimates by % Jale [unmb of AR, and otners, have indicated that com-

munication bit rates in the order of 300 nits per second mi st be obtained by
relay link to a fly by bus or orititing vehicle at a range of 30,070 km or less,
in 20 seconds, tiis permits & total of 5007 tits of data to be communicated, an
amply large number for itnese experiments. !inimum bit estimates h;ve indicated
that the main date would require less than 2020 bits. On the other hand, direct
communication to Earth is clearl; inadequate for these experiments, if it is
lirdted to 3 or 4 bius per secord.

lext consider tne confil..ration of tie blunt, low density venicle to ve
employed. Irom study of an atmospheric densit; structure experimen* to be per-
formed with a single axis accelerometer, Victor Peterson of "AR” reasoned from
the trajectory equations of motion that it was deslirable to select a conli wra-
tion having small varlation in the ratio of dra coefficient Lo axial Torce
coefficient wit: ansle oY attack, and small 1ift curve sliope. This led him to
gcelect tne sphere as & most suitalle s:ape. Further study has shown additional
regsons why tlis selection appears correct. The taslic adrantate iz that ine

.

drag force is independent of attitude and is tie only steady aerod namic force
on 8 sphere. [or any otuer confi‘uration, the dras accelerastion ol a bLody os-
cillating in piteh fluctustes with frequency equal to the pitching frequency,
and digital samplinz of the acceleration at arvitrary intervals, say 7.9 second,

would fai

o pronerly define the accelermiion history, particularly in view of
the typicael pitching frequency of bvodies of the size under considerstion which
is 5 to 10 cycles per second. This kind of error in the acceleration is fully
as demaging to the accurate definition of velocity (eq. 2) and density es error
in the asccelerometer itself, which, we have shown, must be very small. lience,

the use of bodies which have fluctuating components of pathwise acceleration
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requires data sampling at intervals frequent enough to define the osclllating
accelerat;on, say % samples per cycle at 5 cycles per second, or 25 readings

per second. ©Ty comparison, the sphere does very well on O readings per second.
It is therefore apparent that the total date to be communicated is minimized by
the sphere, or, for the same amount of data, it can perform the atmosphere siruc-
ture experiments with vastly Improved sccuracy compared to other shaped bodies.

Other advantages of the sphere may be cited. The definition of angle of

attack is simplified fig. {). As may be seen, the ratio of the normal accel~

erometer reading to the axiul accelerometer reading gives the tangent of the

angle of attack in that plane, With other configurations, the presence of the
1ift force requires that wind tunnel data enter into tne interpretation of tne
accelerometer readings to ohtain angle of attack, and tiere is a2 consequent loss
of precision. In additicn, the drag coefficient of spheres is perhaps more ex-
tensively documented than that of any other bodies. It should be known within

a few percent at the high speed conditions where deceleration measurements will
be employed to define the density, and should not be sensitive to zas composition
at hypersonic speeds iref. 7). Turthermore, the‘:hanges in body profile brought
about by ablation are so small that errors in drag coefficiert from this source
may be neglected,

1t shoulid be mentioned that in this application the sphere has its center
of mass ahead of the geometric center to aerodynamically st&bili%e it‘about the
desired flight orientation. The equation of the static stability coefficient is
included in figure 2,

Thus, we conclude that the sphere 1s the preferred shape for the Mars atmos-
pheric probe. This, however, does not imply that the sphere will also te optimum
for payload landing vehicles. We are, in fact, quite sure it is not, since pref-
erence in those cases goes to vehicles which maeximize the product of drag coef-

ficient and ratio of frontal area to surface area. Thls assurés that the Apollo




configuration, amop; others, will Le superior 1o the sphere for soft-landing
payload. T™is latter prohlem fas heen discussed in a recent article in this
sournal (re?. 7).

o further specify the design and feusitility of a spherical Mars atmos-
pieric probe, we and our associates at Ames Research lenter have made estimetes
of the weight and size requirements of the instrumentation and its associated
electronics and communication equipment, and have cornsidered the provlem of
designing a 1ight enough str.icture und nezt enield, We cornclude tist the
Instruments can easily be housed in a sphere of 1-foot radius, which, for the
given m/CDA, would have a total weigsht at Zarth of 5. pounds. The payioad

and red ¥atting
weight is estimated at less than 15 pounds. Work by Rovert lapper/has indi-
cated that the structure and heat shield mi.ht, in tnis size, be buiit for as
1ittle as the 9 pounds availalle, Iowever, if meeiin> the xruss weight proves
impossible at this radius, one can readily corsider a larger radius, say
1.2% feet, at which the pross weicht for tre given m/CDA becomes T pounds,

y -

iile the parload weiihit remalins fixed at 17 pounds, so that {2 pownds are

3

availai.le for structl.ure and nea*t sl.ield. Tesge weizits are clearl; adeqg.ate.

A conceptual sketch of the vehricle and i!s paylomd is preserted in [I'ijure 9,

Summing p.- The necessity for aving more definiie information on tiie ars
atmosphere ie very great, not oniy for the lons ran-e ra.ned missions, but also
for the more immediate urmmanned landing missions to perform tioloyical and phys-
ical measuremerts. The penalty for proceeding with these latter missions with-
out betier atmospheric data is in reduced payioad and reduced provatiiity of

SUCCESS,



Logically, tne defirition of vie atmospheric propertles should be the
goal of the first eniry mission. '™is can te accomplished without soft land-
ing, thereby erharcing the chances of success, and can also be done in a small
and simple enough device that thermal sterilization of the entire vehlcle as
a unit seems reasonable, not only from the stand§oiut of ottaining sterility,
but also from the siandpoint of engineering design.

The experiments on atmospheric structure should lead to data on the
dersity and pressure profiles of the !srs atmoephere accurate within 19 per-
cent at the worst point, from ground level to the altitude where the azceelero-
meter first senses the atmosphere {well above 200,000 feet, depending on the
atmosphere ;. Direct measuremert of the atmospheric temperature at low altitude
also seemg attainable.

The experiment on composition will determine directly whether or not
nitrogen is present as a principal cornstituent gas, and in what proportions.

Search for important quantities of nitrogen oxides and argon is als

O
w
[
hos
[&]
P
¢

An as yet undemonstrated possibility which may materialize is the analysis for
trace smounts of water vapor.
Such an experiment seems well suited as a forerunner to the larger and

more complicated vehicles to follow,
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